Homework has traditionally been the essential part of student learning, especially in engineering education. However, the availability of solution manuals has affected this, as it now takes just a few minutes to find solutions for specific homework problems on the internet. There are a number of papers reporting the effects of solution manuals on students' learning. Some of these reports argue that the availability of solution manuals has adversely affected student learning. Yet, there are two subjects in this area that have not been emphasized: students' perspectives toward solution manuals and the best options for instructors. Two surveys, one for students and one for faculty, were designed and submitted to the members of the College of Engineering, Mathematics and Science at the University of Wisconsin-Platteville. A total of 337 responses from students and 37 responses from faculty were received. According to the results of the collected survey, the majority of respondents believe that solution manuals help them to be more motivated, learn at a deeper level, and earn better grades. Faculty survey results also show that solution manuals can be helpful if they are used properly. This paper describes the results of the data collection.
Introduction
Homework is an essential part of learning in engineering education. Most engineering faculty and students believe that just attending the lectures is not enough for students to master the material, thus homework and projects are assigned to help student learning 1 . Walberg et al.
reported that homework has substantial effects on students' learning 2 . They stated that assigning homework increases student learning by 10% and that if assigned homework is graded and proper feedback is provided, student learning improves by 30%. Engineering students and faculty both believe that graded homework contributes to student learning 3 .
In recent years, the availability of homework solutions has been a major concern in engineering education 3, 4, 5, 6 . The use of solution manuals among students has increased from a few percent to more than 90% over last ten years 4 . Widmann et al. stated that engineering students reach a higher level of academic achievement if they do not use solution manuals 5 . This conclusion was based on homework and exam scores where scores were higher when students did not have access to solution manuals.
In 2011, Karimi et al. investigated the effects of solution manuals on student learning by comparing grade distributions in thermodynamics courses. They reported that the percentage of students who earn lower grades (D, F, and W) in thermodynamics courses increases when students have access to solution manuals 6 .
Though there are a number of reports concerning negative effects of solution manuals on student learning, there are few reports which emphasize the positive effects. For example, Georgieva proposed a new method of teaching undergraduate mathematics in which the students are allowed free access to the complete solution manual 7 . The philosophy behind this approach is that homework should be used as an opportunity for students to practice and gain knowledge. Georgieva reported that the majority of students in their program did not use solution manuals for blind copying. All students in the classes improved their tests scores significantly and a remarkable increase in the students' motivations and interests was observed.
It also has been reported that if solution manuals are made available to students, they are less discouraged and intimidated by problems 8 . If not misused, solution manuals are a helpful resource that is available to students anywhere, anytime, without having to ask for it. With solution manuals available, students worked on more problems, both assigned and unassigned. Both papers 7, 8 report that some predicted negative consequences, such as less learning, copying without trying, etc., either did not happen or were negligible in comparison to the positive consequences.
Minichiello et al. replicated the study originally done by Widmann to clarify the nature of the inconsistency between engineering students and faculty opinions regarding the use of solution manuals 4 . Their results show that the majority of students use solution manuals after they tried to solve assigned homework on their own. This paper aims to describe faculty and students' perspectives regarding solution manuals.
Methods

Sample Selection and Demographics
The College of Engineering, Mathematics and Science (EMS) at the University of WisconsinPlatteville, with an enrollment of over 2500 and over 150 faculty and teaching staff, is one of the largest colleges across the state of Wisconsin. The college consists of nine academic departments: electrical engineering, civil and environmental engineering, chemistry, computer science and software engineering, engineering physics, general engineering, mathematics, mechanical engineering, and industrial engineering. The College of EMS offers ABETaccredited engineering degrees in civil, electrical, environmental, industrial, mechanical, and software engineering, as well as engineering physics. The college also offers degrees in mathematics, broad field science, chemistry, computer science, microsystems and nanomaterials, sustainable and renewable energy systems. We did not collect any demographic characteristics such as race, sex, age, year at school, etc.
Survey Instrument and Respondents
Two electronic surveys were created using www.surveymonkey.com: one was submitted to students across the college and one to the EMS faculty and teaching staff. The survey instrument was kept direct and brief since no effort was made to select potentially cooperative respondents and no compensation was paid for their participation. It was designed to be completed in less than 15 minutes. The student survey included six multiple choice questions and the faculty survey consisted of three. A combination of Likert-scale and open-ended formats was used so that the respondents' answers could be readily summarized statistically without being overly constrained. All questions on the students' survey presented multiple choices and accepted only one answer with the exception of question 1, in which they were able to select more than one answer. A comment box was also added to both surveys. The questions are shown in Tables 1  and 2 .
Before sending the surveys to students and faculty, approval was obtained from the Institutional Review Board at the University of Wisconsin -Platteville to secure the participants' rights. A link to the survey and a consent form were emailed to the all students and faculty of the college through their department offices. The purpose of the consent form was to explain the research, describe how the confidentiality of participant would be protected, and to inform respondents that their participation was completely voluntary. A total of 334 students and 37 faculty responded to the survey. We do not know how many students and faculty received the surveys and/or were able to respond to them, as the data were collected during the week before final exams (Dec 9-18, 2014). The responses were collected anonymously and electronically using www.surveymonkey.com. Considering that there were no direct prizes or benefits to the participants, we believe that the research topic gained remarkable interest among students and faculty. Assuming all students and faculty in the college received and were able to respond to the surveys, 14% of students and 34% of faculty responded to the questionnaires; furthermore, many of participants provided comments in the provided space on the survey.
Results and Discussion
A. Results from student' survey Why do students use solution manuals? According to the survey, using solution manuals seems very popular among engineering and science students since only about 2% of the participants indicated that they had not used them. Although most students' intentions is to use solution manuals to confirm their answers to homework or to learn solution processes by reading the author's approach, about half of students who use solution manuals try to gain full credit for their homework by copying answers to problems. It can be concluded from students' comments and the data presented in Figure 1 that students first try problems themselves but at the end they write correct answers to their homework. The results as shown in Figure 2 indicate that students adapt themselves to the class when they do not have access to solution manuals. They fill any gap in their learning by forming study groups, seeking outside help, or visiting faculty more often. Despite this, students do better in classes where homework is assigned from the textbook and graded with access to solution manuals. that is available to them at any time is step by step solution to the problems. Students' comments also show that they come to understanding that copying the answers will help neither their learning nor their grades, so they should try the problem first. How do students think solution manuals affect their learning? Only 1% of respondents indicated that solution manuals are detrimental to their learning as indicated by Figure 4 . The majority of students strongly believe that problem solutions are useful tools or at least understand that abusing solution manuals can hurt their learning. As students indicated in their comments, the answer to this question depends on both students and instructor. The authors believe that instructors have the chance to turn solution manuals into advantageous tools. What are the students' preferences toward homework? The majority of student respondents prefer that homework be assigned from the textbook (74%) or written by the instructor (19%). They also prefer that homework be always graded (62%) or at least sometimes graded (34%). Most students would like the solution manuals to be available (68%) or be available after Table 3 . These results show that students want, at the very least, to be able to check their homework answers and have them graded often. Is it ethical for students to use solution manuals? Some faculty believe that the use of solution manuals before turning in homework is a type of cheating. In contrast, students believe that this use is only cheating if they just copy the answers for full credit. The main reason for this inconsistency is that students think of homework as a learning tool while some faculty use homework as an assessment tool. In the authors' opinions, homework is really both a learning and assessment tool and should be viewed this way by both students and faculty. The authors also believe that students have a good understanding what would be considered cheating when it comes to homework. Figure 5 exhibits students' responses to this question. Results from faculty survey Use of solution manuals has a damaging effect on student learning. As indicated in literature, faculty traditionally believe that solution manuals have a damaging effect on student learning and use of solution manuals is a type of cheating. The results of this survey question indicate that faculty have accepted the fact that problem solutions are available and students can easily access them. The focus is now how to make the best of the situation and look at solution manuals as a learning tool. As Figure 6 indicates, there is no strong opinion regarding the possible damaging effects of solution manuals on student learning among faculty. Faculty still believe that homework is an essential part of learning for engineering and science students. Less than 4% of faculty suggested that the use of homework should be eliminated because students have the solution. Most faculty respondents (67%) create their own custom homework so that students cannot use solution manuals. This method is effective but requires significant amount of faculty time, and after a couple of semesters the solutions will be distributed among students if instructors post the solutions or solve the questions in class. Another approach is to assign homework but not collect or grade much of it, thus lowering homework's weight in the overall grade (30%). Due to faculty workload, only 65% of faculty apply their self-described best method of practice. 
C. Randomly selected student and faculty comments
More than half of student respondents (175 out of 334) left comments in the comment box. A random selection of their comments can be found in the appendix section of this paper. The comments were copied directly without any editing by the authors. Less than half of faculty respondents (15 out of 37) also left comments in the comment box. The selected comments are in the Appendix. 
Conclusions
The main objective of this paper is to present the data and leave the conclusion to readers. However, the authors would like to express their personal experience regarding the availability of solution manuals:
• Not assigning homework has more damaging effects on student learning than solution manuals.
• Homework should be considered as a learning tool and its effects on students' grades should be minimized assuming students are able to copy answers for gaining full credits.
• As students indicated, problem solutions can be very helpful if they are used properly.
• If instructors allow their students to use solution manuals, the students are less intimidated by problems and more motivated to use faculty office hours efficiently.
• Solution manuals could potentially have damaging effects on student learning, if the student does not spend enough time to solve a problem. Therefore, the effective use of a solution manual should be taught in the class. assignment, I do not find that right, but guess who is going to be the ones doing poorly on exams? You guessed it, the ones who copied directly from the solutions manual.. If you copy material directly for homework to avoid learning and studying it, you will pay for it in your grade eventually. With how engineering professors typically have their grade percentages allotted, if you don't do well on exams (even if you ACE the homework from copying) you typically wont pass the course." "I have used solution manuals many times. If you use them intelligently they can be very helpful. A lot of the time students are working on homework at night when instructors are not available so there is no way to get help if you get stuck. I agree that if you just copy the steps and answers you are hurting yourself assuming you don't go back and attempt to learn the material later. I did that in my sophomore year and it did hurt me. Now though I attempt the problem and when I get stuck I check the solution to see what step I need to take next then continue on my own. A lot of times you simply run out of time to attempt to do every single problem on your own. College cannot consist of purely school work, people would go insane and end up hating it all. I feel some instructors do not understand this and the fact that we take multiple courses at once." "The real problem with solutions manuals is that students tend to abuse it. In all honesty, having the solutions to the problems is the most effective way to assign homework, in my opinion. This allows the students to check the answers and the professor to collect and verify that the students did it. The answers should always be correct but when learning the real benefit is not from the destination but the path to get there. That is where solutions manuals come in handy for those who know how to use them effectively and not just copy the solution as shown. If I resort to a manual, usually I will be stumped first. When I do, I quit that homework and move on to something else now that I know how to complete that problem and the process. I then come back to it tomorrow and try to reapply the solution method myself without it. So in this case, the manual is simply a reference. Homework is there to help the students and should be a small fraction of a grade, it is something that is more for our benefit, so to know how to do it is more valuable than trying and getting the process wrong only to find out once the homework is returned, what does one learn? Especially for those like me who find enjoyment in trying to deceiver the manual every once in a while because the author isn't always clear cut. It is almost an essential part of my learning process now. I could go on for days, sorry for the long reply. "
